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2 The Journal of Thoracic and Cardiovbjective: We evaluated the time course of myocardial perfusion improvement after
ff-pump revascularization.
ethods: Seventy-six patients who underwent off-pump coronary bypass with
ilateral internal thoracic arteries for revascularization of the left coronary territory
ere studied. Myocardial single photon emission computed tomography was per-
ormed preoperatively and at 3 months and 1 year postoperatively. Myocardial
erfusion was quantified with automatic software, and the left coronary territory was
ivided into 16 segments. As an indicator of the ischemic myocardium, the revers-
bility score was defined as a measure of rest minus stress perfusion values. A total
f 403 segments that showed a reversibility score of 7 or greater preoperatively were
ncluded.
esults: The reversibility score was improved significantly at 3 months postopera-
ively (P  .001) and further improved 1 year after the operation (P  .001). When
he patients were divided into 2 groups based on the type of bilateral internal
horacic arteries used (group Y: Y-composite graft, n  39; group I: bilateral in situ
rafts, n 37), the reversibility score was improved significantly 3 months after the
peration (P  .001) and further improved 1 year after the operation (P  .001) in
oth groups. There were no significant differences in the reversibility scores
etween groups Y and I at postoperative month 3 (P .463). The scores approached
ero in both groups at 1 year postoperatively (group Y, 1.7%  7.9%; group I,
.3%  7.2%).
onclusions: The myocardial reversibility score improved greatly during the first 3
onths after the operation and further improved until 1 year postoperatively.
erfusion improvement was similar between the Y-composite and bilateral in situ
nternal thoracic artery grafts in terms of the reversibility score.
 
he effect of coronary artery bypass grafting on ischemic myocardium has
been demonstrated as a progressive improvement of myocardial blood flow
and function after successful revascularization.1-3 The use of 2 internal
horacic arteries (ITAs) instead of 1 has demonstrated advantages, such as enhanced
ong-term survival rates and greater freedom from reinterventions in surgical re-
ascularization for multivessel coronary artery disease.4,5 Although use of a com-
osite graft has indicated an increased coronary flow reserve through the graft when
sing the bilateral ITAs,6,7 there is a concern that because the composite arterial
raft exhibits a single blood source, it might not supply sufficient blood flow to a
ider area of myocardium.8,9
ascular Surgery ● January 2007
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PMyocardial single photon emission computed tomogra-
hy (SPECT) has consistently been shown to be an effective
odality for identifying myocardial viability and guiding
ppropriate management. Reversible perfusion decrease ob-
erved by means of myocardial SPECT is regarded as
epresenting the viable ischemic myocardium, and the cor-
nary territory in which the reversible perfusion decrease is
een is a primary target for a revascularization procedure.10
The aims of this study included (1) evaluation of late
yocardial perfusion improvement after off-pump coronary
rtery bypass (OPCAB) using bilateral ITAs and (2) com-
arison of the degree and time course of myocardial perfu-
ion improvement between the Y-composite and bilateral in
itu ITAs based on the reversibility score of myocardial
PECT performed preoperatively and at 3 months and 1
ear after OPCAB.
atients and Methods
atient Selection
f 400 patients who underwent OPCAB between January 2000
nd December 2002, 76 patients who underwent preoperative,
-month, and 1-year myocardial SPECT testing were studied ret-
ospectively. Myocardial SPECT was performed as a part of rou-
Abbreviations and Acronyms
ITA  internal thoracic artery
MIBI methoxyisobutylisonitrile
OPCAB off-pump coronary artery bypass
SPECT  single photon emission computed
tomography
able 1. Preoperative characteristics and risk factors of s
Group Y (n 
ex (male/female) 30/9
ge (y) 61.9  7.0
VEF (%) 59.2  10
nstable/stable 30/9
isk factors, n (%)
Smoking 15 (38.5)
Hypertension 29 (74.4)
Diabetes mellitus 16 (41.0)
Hyperlipidemia 13 (33.3)
Chronic renal failure 1 (2.6)
COPD 1 (2.6)
History of stroke 3 (7.7)
History of MI 8 (20.5)
ngiographic diagnosis, n (%)
Three-vessel disease 34 (87.2)
Left main disease with or
without peripheral disease
9 (23.1)VEF, Left ventricular ejection fraction; COPD, chronic obstructive pulmonary d
The Journal of Thoracine clinical follow-up, and postoperative 1-year angiography (12
1 months postoperatively) was performed regardless of the
atient’s anginal symptoms. Inclusion criteria included (1) patients
ho underwent myocardial revascularization during OPCAB, (2)
atients who received bilateral skeletonized ITAs as either a Y-
omposite graft or in situ grafts for complete revascularization of
he left coronary territory, (3) patients whose graft patency was
onfirmed by means of coronary angiography performed 1 year
ostoperatively, and (4) patients in whom both the resting and
tress myocardial SPECT were performed preoperatively and 3
onths and 1 year after OPCAB. Patients who received other
rterial grafts or free grafts anastomosed on the ascending aorta to
evascularize the left coronary territory or patients who did not
eceive the stress myocardial SPECT preoperatively because of
ntractable resting angina or an urgent or emergency situation were
xcluded from this study. Bilateral ITAs were used as a Y-
omposite graft (group Y) in 39 patients and as in situ grafts in 37
atients (group I).
All patients halted aspirin therapy (300 mg/d) the day before the
peration and resumed it 1 day postoperatively. Postoperative 1-year
ollow-up coronary angiography was performed in all the study pa-
ients, and all of the grafts were confirmed as patent. There were no
ifferences between the 2 groups in terms of sex, age, preoperative
isk factors (except hyperlipidemia), ratio of unstable to stable angina,
eft ventricular ejection fraction measured by means of transthoracic
chocardiography, and angiographic diagnosis (Table 1). The study
rotocol was reviewed by the institutional review board and approved
s a minimal risk retrospective study (approval no. H-0512-528-165)
hat did not require individual consent based on the institutional
uidelines for waiving consent.
perative Techniques and Revascularization Strategies
PCAB with skeletonized bilateral ITAs was performed as previ-
usly described.11 The patients were heparinized with an initial
patients
Group I (n  37) P value
31/6 .568
60.3  9.3 .390
55.6  10.1 .152
25/12 .445
15 (40.5) 1.000
19 (51.4) .057
16 (43.2) 1.000
5(13.5) .059
0 (0) 1.000
0 (0) 1.000
8 (21.6) .109
7 (18.9) 1.000
28 (75.7) .244
12 (32.4) .445tudy
39)
.8isease; MI, myocardial infarction.
ic and Cardiovascular Surgery ● Volume 133, Number 1 53
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CSPose of 1.5 mg/kg heparin and periodically received supplemental
oses to maintain an activated clotting time of longer than 300
econds during OPCAB. Bilateral ITAs were preferred for use as
n situ grafts for revascularization of the left coronary territory
ased on the assumption that 2 blood sources would provide a
etter long-term outcome than a single blood source. The right ITA
as commonly used to revascularize the left anterior descending
oronary artery by crossing the midline. It was also used occa-
ionally to revascularize the ramus or high obtuse marginal branch
hrough the transverse sinus as an in situ graft. If the right ITA was
oo short to reach the left coronary territory or if the left coronary
erritory could not be completely revascularized with bilateral in
itu ITA grafts, a Y-composite graft was constructed before start-
ng the distal anastomoses. In most instances of Y-composite graft
onstruction, the right ITA was divided at its proximal section and
as anastomosed in a Y fashion to the side of the left ITA with an
-0 polypropylene continuous suture. A sequential anastomosing
echnique was used for additional revascularization in both groups.
he right coronary artery territory was revascularized with either
ight gastroepiploic artery, radial artery, or saphenous vein grafts.
ypass grafting was indicated when the degree of native coronary
tenosis was greater than 75%. Protamine was not given at the end
f the procedure. The operations were all performed by a single
urgeon (K.-B.K.).
yocardial SPECT Testing
hallium-201 rest/dipyridamole stress technetium-99m methoxy-
sobutylisonitrile (MIBI)–gated SPECT was performed. Thallium-
01 (111 MBq) was injected at rest, and SPECT was performed.
ipyridamole (0.56 mg/kg) was then injected for more than 4
inutes to induce stress for assessment of the coronary perfusion
eserve, and technetium-99m (925 MBq) was injected 3 minutes
fter stress. Gated technetium-99m-MIBI SPECT was performed
0 minutes after stress by using a dual-head camera equipped with
low-energy, high-resolution collimator (Vertex EPIC; ADAC
aboratories, Malpitas, Calif). Thallium-201 rest/dipyridamole
tress technetium-99m-MIBI–gated SPECT was repeated 3
onths (102 20 days) and 1 year (15 2 months) after OPCAB
s a follow-up examination by using the same protocol as was used
or the preoperative study. A 20-segment model was adopted for
egional analysis. Each segment was subtended to 2 coronary
rterial territories (right and left coronary territories), and all of the
6 segments representing the left coronary territory (left anterior
escending artery and left circumflex artery territories) were ana-
yzed as a whole (Figure 1). The segments representing the right
oronary artery territory were excluded.
uantification of Myocardial Regional Perfusion
fter overall image quality was assessed by 2 experts, the recon-
tructed images were analyzed with an automatic quantifying
oftware package (AutoQUANT, ADAC Laboratories) without
anual intervention. Resting and stress segmental myocardial
erfusion was quantified by measuring radioactivity and expressed
s the percentage of the maximal radioactivity uptake. As an
ndicator of the reversibility of perfusion impairment, the revers-
bility score (presented as a percentage) was defined as a measure
f rest minus stress perfusion values in each segment. The revers-
ble myocardial segments of the left coronary territory were se- s
4 The Journal of Thoracic and Cardiovascular Surgery ● Januaected based on a cutoff value of 7, suggesting a viable segment in
erms of perfusion reversibility.3 A total of 403 segments (227
egments in group Y; 176 segments in group I) that showed a
eversibility score of 7 or greater preoperatively were included in
he analysis.
tatistical Analysis
tatistical analysis was performed with SPSS 11.0 software (SPSS,
nc, Chicago, Ill). Statistical analysis comparing the data was
erformed with paired and unpaired Student t tests and Mann-
hitney U tests. The discrete variables were analyzed by using the
2 and Fisher exact tests. Repeated-measures analysis of variance
as used to compare the difference of time sequence of myocar-
ial reversibility scores between the 2 groups. This was followed
y the paired Student t test to analyze the change of reversibility
cores within each group. All results were expressed as means 
igure 1. Selection of 16 segments for segmental analysis in a
0-segment model. LAD, Left anterior descending coronary artery;
CX, left circumflex coronary artery; RCA, right coronary artery.tandard deviation.
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Pesults
perative Results
he average numbers of distal anastomoses per patient and
er bilateral ITA were 3.2  0.8 and 2.6  0.7, respec-
ively. The average number of distal anastomoses per bilat-
ral ITA was larger in group Y than in group I (2.8  0.8
s 2.4  0.5, P  .008), although there was no significant
ifference regarding the average number of distal anasto-
oses per patient between the 2 groups (3.4  0.9 in group
vs 3.1  0.7 in group I, P  .061). A larger number of
atients in group Y required sequential anastomoses than in
roup I (59.0% [23/39] vs 32.4% [12/37], P  .024). There
ere no significant differences regarding the incidence of
ostoperative morbidities, such as atrial fibrillation (17.9%
7/39] vs 24.3% [9/37], P .597), perioperative myocardial
nfarction (0% vs 5.4% [2/37], P .234), acute renal failure
0% vs 2.7% [1/37], P .487), and reoperation for bleeding
5.1% [2/39] vs 2.7% [1/37], P 1.000), between groups Y
nd I. We did not experience any low cardiac output syn-
rome, mediastinitis, or stroke in either group.
yocardial SPECT Test
he mean values of preoperative, postoperative 3-month,
nd postoperative 1-year segmental perfusion in the resting
PECT were 74.7%  13.4%, 74.3%  12.8%, and 70.5%
13.6%, and those in the stress SPECT were 59.2% 
4.8%, 69.8%  14.5%, and 70.9%  13.2%, respectively.
he reversibility scores were improved significantly at post-
perative month 3 and further improved 1 year after the
peration when compared with the preoperative values
15.5%  9.0% vs 4.5%  7.4% vs 0.4%  7.7%, P 
001) (Table 2). When the patients were divided into 2
roups based on the type of bilateral ITA used (group Y,
-composite graft; group I, bilateral in situ grafts), the
eversibility scores were significantly improved at postop-
rative month 3 and at 1 year in both groups when compared
ith the preoperative values (group Y: 14.8%  8.1% vs
.3%  7.3% vs 1.7%  7.9%, P  .001; group I: 16.3%
able 2. Segmental myocardial perfusion value
roup Variables Preop
otal (n  76; 403 segments) Resting (%) 74.7
Stress (%) 59.2
Reversibility score (%) 15.5
roup Y (n  39;227 segments) Resting (%) 77.0
Stress (%) 62.2
Reversibility score (%) 14.8
roup I (n  37;176 segments) Resting (%) 71.6
Stress (%) 55.3
Reversibility score (%) 16.3
P value between the preoperative period and 3 months after the operati10.0% vs 4.8%  7.6% vs 1.3%  7.2%, P  .001). s
The Journal of Thorachere were no significant differences in the reversibility
cores between groups Y and I at postoperative month 3 (P
.463). The scores approached zero in both groups at 1
ear postoperatively, suggesting almost complete recovery
f myocardial stress perfusion by the first postoperative year
Table 3).
iscussion
his study demonstrated 2 main findings. First, the myo-
ardial reversibility score improved progressively until 1
ear after OPCAB by using bilateral ITAs. Second, revas-
ularization with a Y-composite or bilateral in situ ITA graft
xhibited a similar pattern of reversibility improvement
ntil 1 year postoperatively.
The salutary effect of coronary artery bypass grafting has
een demonstrated as a progressive improvement of myocar-
ial blood flow, myocardial function, and flow reserve of the
rterial conduit after successful revascularization.1-3,12,13 Myo-
ardial blood flow and coronary vasodilator reserve have been
hown to increase gradually after myocardial revascularization,
nd microvascular dysfunction after surgical intervention has
een suggested as a cause of the slow recovery.2 The recovery
f regional and global left ventricular function after myocardial
evascularization has also been reported by Vanoverschelde
nd associates1 to be progressive and followed a monoexpo-
ential time course with a median time constant of 23 days
hen measured by means of two-dimensional echocardiogra-
hy. The temporal variations in functional recovery have been
ve Postoperative 3 mo Postoperative 1 y P value* P value†
.4 74.3 12.8 70.5 13.6
.8 69.8 14.5 70.9 13.2
4.5 7.4 0.4  7.7 .001 .001
.2 73.9 13.7 69.9 13.7
.0 69.6 15.8 71.6 13.6
4.3 7.3 1.7  7.9 .001 .001
.1 74.9 11.5 71.3 13.4
.8 70.1 12.6 70.1 12.7
.0 4.8 7.6 1.3 7.2 .001 .001
value between 3 months and 1 year after the operation.
able 3. Comparison of the reversibility scores between
he 2 groups
ariables Group Y Group I P value
reoperative (%) 14.8 8.1 16.3 10.0 .089
ostoperative, 3 mo (%) 4.3 7.3 4.8 7.6 .463
ostoperative, 1 y (%) 1.7  7.9 1.3 7.2 .001*
Approaching zero value, suggesting complete recovery of stress perfu-erati
 13
 14
 9.0
 13
 14
 8.1
 13
 14
 10ion in both groups.
ic and Cardiovascular Surgery ● Volume 133, Number 1 55
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CSPuggested to be related to the pathophysiologic mechanism of
yocardial dysfunction, where stunned myocardium exhibits
arlier functional recovery than hibernating myocardium.3,14
he increase in myocardial blood flow has been shown to
esult in vasodilatation and increased flow reserve of ITA
rafts in the late postoperative period.13,15 Those previous
tudies, however, were performed without confirmation of late
raft patency.
Despite advances in cardiopulmonary bypass and myo-
ardial protection, the reduced myocardial flow reserve in
he early postoperative period has been attributed to the use
f cardiopulmonary bypass.13 The present study included
hose patients who underwent OPCAB and whose 1-year
atency of all grafts was confirmed by using postoperative
oronary angiography. We performed myocardial SPECT at
oth 3 months, when ischemic myocardial dysfunction
ould be expected to have recovered from ischemia after
evascularization,1 and 1 year after surgical intervention. In
he previous study12 the difference with regard to stress
erfusion between preoperative and postoperative SPECT
as compared to evaluate the postoperative improvement of
yocardial stress perfusion. The difference in stress perfu-
ion was calculated and compared because there was a
aseline difference in stress perfusion between the 2 groups.
n the present study the reversibility score (presented as a
ercentage) was calculated by subtracting the stress perfu-
ion value from the resting perfusion value, and a cutoff
alue of 7 was adopted to study the viable myocardial
egments based on previous studies.3,16 The present study
emonstrated that the myocardial reversibility score signif-
cantly improved at 3 months postoperatively and further
mproved at 1 year postoperatively, suggesting progressive
mprovement of myocardial perfusion until 1 year after
PCAB.
Enhanced long-term survival rates and greater freedom
rom reintervention have been indicated when bilateral
TAs are used rather than a single ITA graft in patients
xhibiting multivessel disease.4,5 The skeletonized tech-
ique for harvesting the ITA has been shown to provide
dditional length, superior free flow, and easier use of ITAs
s grafts, with favorable results.11,17,18 Those results have
rovided the foundation for using bilateral ITA grafts to
chieve complete myocardial revascularization. In spite of
he extra graft length obtained by using the skeletonization
echnique, the length of the right ITA is the main limitation
or bilateral in situ ITA grafting. Construction of a compos-
te graft, such as a Y or T graft, increases the length of the
TA and allows the extensive use of bilateral ITA grafts to
evascularize both the left and right coronary systems.19
lthough several studies have shown that a composite graft
ncreases coronary flow reserve and has a favorable out-
ome,6,19,20 there is a concern that it might not supply
ufficient blood flow to a wider area of myocardium because m
6 The Journal of Thoracic and Cardiovascular Surgery ● Januahe composite arterial graft only provides a single blood
ource.9,21
The present study analyzed patients who underwent
PCAB with skeletonized ITAs used to revascularize the
eft coronary artery territory. When the patients were di-
ided into 2 groups based on the bilateral ITAs used,
-composite (group Y) or in situ grafts (group I), the
eversibility score was significantly improved at postopera-
ive month 3 and year 1 in both groups when compared with
he preoperative values. When the mean values of revers-
bility score were compared between groups Y and I, there
ere no significant differences preoperatively (14.8% 
.1% vs 16.3%  10.0%, P  .089) and at postoperative
onth 3 (4.3%  7.3% vs 4.8%  7.6%, P  .463),
espectively. The insignificant differences in reversibility
cores between the 2 surgical techniques document the
ynamics and flow reserve of the ITA graft and attenuate
he existing concerns of limited flow reserve of the com-
osite arterial graft for multiple distal anastomoses.
Those scores approached zero (group Y, 1.7%  7.9%
s group I, 1.3%  7.2%), suggesting almost complete
ecovery of myocardial stress perfusion by the first postop-
rative year. When the reversibility scores were compared
ithin each group, the scores progressively decreased until
year in both groups. Because the time-dependent progres-
ion of improved perfusion suggested a gradual adaptation
f flow reserve in both Y-composite and in situ ITA grafts,
evascularization with either a Y-composite or bilateral in
itu graft might be sufficient for revascularization of the left
oronary territory.
There are limitations to the present study that must be
ecognized. First, the present study was not performed in a
andomized manner because randomized controlled trials
ith regard to this type of study are often unrealistic and
mpractical. There were some baseline differences between
he 2 groups. The average number of distal anastomoses per
ilateral ITA was smaller in group I than in group Y,
lthough there was no significant difference regarding the
verage number of distal anastomoses per patient between
he 2 groups. Although the study involved a relatively small
umber of patients and was not randomized, this study
ollected all institutional experience by using a computer-
ased database system. Second, a 20-segment model was
dopted for regional analysis, and all of the 16 segments
epresenting the left coronary territory were analyzed as a
hole. We analyzed the 16 segments without consideration
f the coronary artery dominance pattern of each patient.
hird, coronary angiography was performed to confirm the
raft patency 12 1 months postoperatively, and the 1-year
yocardial SPECT was performed 15  2 months after
PCAB. Some grafts might have occluded during the
-month interval period, which would affect the results of
yocardial SPECT.
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